Objective: Establishing one price for all bundled services for a particular illness, which has become the key to healthcare reform efforts, is designed to encourage health professionals to coordinate their care for patients. Limited information is available, however, concerning whether bundled payments are associated with changes in patient outcomes. Nationwide longitudinal population-based data were used to examine the effect of bundled payments on hip fracture outcomes. Design: An interrupted time series design with a comparison group. Setting: General acute care hospitals throughout Taiwan. Participants: A total of 178 586 hip fracture patients admitted over the period 2007-12 identified from the Taiwan's National Health Insurance Research Database. Intervention: Bundled payments for hip fractures were implemented in Taiwan in January 2010. Main Outcome Measures: The 30-day unplanned readmission and postdischarge mortality. Segmented generalized estimating equation regression models were used after adjustment for trends, patient, physician and hospital characteristics to assess the effect of bundled payments on 30-day outcomes for hip fracture compared with a reference condition. Results: The 30-day unplanned readmission rate for hip fracture showed a relative decreasing trend after the implementation of bundled payments compared with the trend before the implementation relative to that of the reference condition. Conclusions: This finding might imply that the implementation of bundled payments encourages health professionals to coordinate their care, leading to reduced readmission for hip fracture.
Introduction
The rate of hip fractures increases with age worldwide [1, 2] . Hip fracture is a common and disabling event among older adults [3, 4] . Hip fracture mortality and readmission rates have been regarded as important outcome measures for comparing hospitals [5, 6] . Finding the determinants that influence hip fracture mortality and readmission is essential for developing effective initiatives to improve hip fracture outcomes. To our knowledge, however, there has been little research on the impact of bundled payments on hip fracture outcomes using nationwide longitudinal population-based data.
In an attempt to prompt more coordinated care to improve outcomes at a lower cost, the Centers for Medicare and Medicaid Services (CMS) announced a new bundled payment initiative called Bundled Payments for Care Improvement (BPCI) to expand the scope of care paid under the hospital prospective payment system (PPS) to include all of the care in a particular illness episode (such as a hip fracture) in 2011 [7, 8] . Most previous studies find that the implementation of the fixed-price PPSs does not affect patient outcomes [7, [9] [10] [11] [12] , and one probable explanation is that physician payment is not included in the PPSs. Therefore, the bundle payment models encourage hospitals and physicians to coordinate their care more efficiently, and has the potential to both lower costs and improve outcomes [7] . Strategies to coordinate care at a lower cost in response to bundled payments may include using clinical pathways, implementing discharge plans, and implementing gainsharing plans; these strategies may improve patient outcomes [13, 14] .
Regarding the impact of bundled payments on patient outcomes, recent studies on lower extremity joint replacement (LEJR) have preliminarily shown decreased 30-day readmission in a medical center [15] , and 30-day unplanned readmission in a medical system (five hospitals) [16] . However, one study on LEJR using Medicare claims data has preliminarily shown no effect on 30-day unplanned readmission and postdischarge mortality in 176 participating hospitals [17] . The BPCI initiative is voluntary and the hospitals that chose to participate differ from other hospitals. Additionally, these studies reflect one clinical episode that is typically a scheduled procedure. These reasons preclude generalization of the results. So far, there has been no empirical research examining the impact of bundled payments on hip fracture outcomes.
In Taiwan, the National Health Insurance Administration (NHIA), which is the sole insurer, has implemented national health insurance (NHI) for the entire population since March 1995. Each enrollee enjoys comprehensive benefits with a low coinsurance policy (10% for inpatient care with a yearly cap of~US$1700). Every enrollee is free to go to any hospital or clinic because almost all providers have contracts with the NHIA. The NHIA has reimbursed all providers mainly on a fee-forservice (FFS) basis since NHI implementation. However, to improve efficiency and outcomes of inpatient care regarding certain major diagnostic categories (including musculoskeletal system diseases), the NHIA has changed the reimbursement method from FFS to bundled payments based on diagnosis-related groups (DRGs) since January 2010.
This study used nationwide population-based data from Taiwan from 2007 to 2012 to examine whether the bundled payments affected 30-day unplanned readmission and postdischarge mortality rates for hip fracture.
Methods

Database
This study used the National Health Insurance Research Database (NHIRD), provided by the NHIA and managed by the National Health Research Institutes in Taiwan. The NHIRD, which is a deidentified secondary national database, includes the following individual files: inpatient expenditures by admissions, details of inpatient orders, contracted medical facilities, medical personnel and beneficiaries. We merged the files by key variables which the National Health Insurance Administration provided.
Study population
In this study we identified two groups of patients: patients with hip fracture admission (the intervention group) and patients with acute myocardial infarction (AMI) admission (the reference group).
Identification of patients with hip fracture admission
This study included all patients, aged 18 years and above and admitted to general acute care hospitals between 2007 and 2012 with hip fracture as the primary diagnosis for admission; for all patients, this was their first admission with this diagnosis during the study period [9] [10] [11] [12] 18] . Hip fracture was identified through the primary diagnosis of the patients recorded using the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes: 820.xx. Patients who died during hospital stay were excluded. The initial dataset included 111 426 patients with hip fracture; after excluding 152 patients with missing data, the final dataset contained 111 274 patients with hip fracture.
Identification of patients with the reference condition admission
To determine whether the changes in outcomes for hip fracture were associated with the bundled payments, AMI was treated as the reference condition. We chose AMI because: (i) hip fracture and AMI outcomes are quality indicators recommended by the Agency for Healthcare Research and Quality (AHRQ) to assess a hospital's quality of care [5] ; (ii) variances in practice and resources consumption of AMI care are relatively similar to those of hip fracture care so they are comparable to each other [19, 20] ; and (iii) the bundled payments for AMI had not yet been implemented during the study period [21] . This study included all patients admitted for AMI (ICD-9-CM codes: 410.xx) satisfying the same inclusion and exclusion criteria for hip fracture patients regarding patient age, study period, first admission and discharge status. The initial dataset included 70 094 patients with AMI; after excluding 108 patients with missing data and 2674 patients who were also admitted for hip fracture during the study period, the final dataset contained 67 312 patients with AMI.
Measures of variables
Bundled payments Based on the admission date, every study subject would be assigned to one of the two groups: the pre-intervention group and the postintervention group. Given the bundled payments for hip fracture was implemented on 1 January 2010, patients with admission date earlier than 1 January 2010 were assigned to the pre-intervention group; otherwise, they were in the post-intervention group. The preintervention period of 2007-9 was chosen because there was no significant policy change in the period.
Taiwan's bundled payment system is a national program applicable to all hospitals, no hospital could be chosen as the control group. Nevertheless, the implementation of Taiwan's bundled payment system is divided into five phases depending on variance/complexities of care. The larger the variances of care, the later the implementation phase. In the initial phase of January 2010, almost all diseases and disorders of the musculoskeletal system and connective tissue (such as hip fracture) have been included, and AMI care is included in the second phase of the bundled payment system launched in July 2014 [21] .
The NHIA makes a single, prospectively determined bundled payment to the hospital that encompasses all services furnished by the hospital, physicians and other practitioners during the episode of care, which lasts the entire inpatient stay. Compared to the most popular BPCI model (Model 2), NHIA's bundled payments are mandatory rather than voluntary, are prospective rather than retrospective, and did not cover related post-acute care for up to 90 days after discharge. Physicians are paid by the hospital rather than the NHIA because physicians are employed by the hospital.
Outcome measures
Our primary outcome measures included all-cause 30-day unplanned readmission (defined as any unplanned rehospitalization to any acute care hospital within 30 days from index discharge for those surviving to discharge) [6, 22] , and all-cause 30-day postdischarge mortality (defined as death from any cause within 30 days of discharge) [13, 17] . All-cause 30-day unplanned readmission and postdischarge mortality rates are standard outcome measures for assessing the impact of bundled payments [13, 16, 17] .
Readmission is chosen in addition to mortality because it is expensive to the healthcare system and commonly represents a preventable, adverse event for patients [23] . Additionally, readmission is also regarded as a potential indicator of poor care or missed opportunities to better coordinate care [24, 25] . Recent research shows that 47% of all readmissions are potentially preventable [26] . Only an unplanned inpatient admission to an acute care hospital can qualify as a readmission. Planned readmissions are generally not a signal of quality of care [22] . Taiwan's bundled payment system, in which related readmissions for 30 days after discharge are not included in the bundled payment amount, would not create a direct financial incentive to not readmit patients. Therefore, rehospitalizations could fall after the implementation of Taiwan's bundled payment system only because quality of care improved rather than because hospitals and physicians tried not to readmit patients (even if quality stayed the same).
Our secondary outcome was inpatient length of stay in days calculated as the difference between the day of admission and the day of hospital discharge. Length of stay is regarded as a proxy for efficiency [27] .
Covariates
The covariates included patient, physician, and hospital characteristics, winter admission and baseline trends based on related references [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] . The patient covariates were: gender, age, comorbid conditions, site of hip fracture/AMI, intensive care unit (ICU) use, surgery and weekend admission. The Charlson index was used to quantify patients' comorbidities [41, 42] . This index is the sum of weighted scores based on the presence or absence of 17 different medical conditions. A score of 0 means that no comorbid index is present, and higher scores point to a greater burden of comorbidity. Based on the location of the fracture/myocardial infarction as indicated by its ICD-9-CM code, the site of hip fracture/AMI was grouped into five major categories: intracapsular (820.00-820.19), extracapsular (820.20-820.32), anterior (410.00-410. 19 ), inferior/lateral/posterior (410.20-410.69) and others [29, 36] . The weekend admission was defined by whether patients were admitted on Saturday or Sunday.
The physician covariates were: physician volume, age and specialty (orthopedic surgeons, cardiologists, others). Physician volume was the number of hip fracture/AMI patients treated by that physician in the year of the patient's admission. The hospital covariates were hospital volume, teaching status (yes/no), accreditation level (academic medical center, regional, district) and geographic location (Taipei, northern, central, southern, Kao-Ping, eastern). Hospital volume was the number of hip fracture/AMI patients admitted to that hospital in the year of the patient's admission. These annual volumes were divided into tertiles. In Taiwan, hospitals with lower accreditation level are smaller and have lower nurse staffing. The winter admission was defined as whether the admission took place in December, January or February because previous studies indicated increased winter mortality from hip fracture and AMI [28, 35] . The baseline linear time trend (a continuous variable from 1 to 72 representing months) was also included to capture all omitted trending variables such as advances in medicine and medical technology and to separate them from the effect of bundled payments [38] [39] [40] .
Statistical analysis
Using a quasi-experimental design, we compared the changes in outcomes and length of stay before and after the implementation of bundled payments for hip fracture with those for the reference condition. We estimated the effect of bundled payments on 30-day outcomes and length of stay with segmented regression models that used generalized estimating equations (GEE) [43] [44] [45] [46] [47] [48] . The patient was the unit of analysis. Patient outcomes are correlated within physicians that are, in turn, correlated within hospitals. We used GEE models that account for clustering of patients within physicians and physicians within hospitals to reduce the potential for biased standard errors and conclusions about the statistical significance [49] [50] [51] .
The segmented analysis can examine the changes in level and trend that follow an intervention. A change in level (e.g. a jump or drop in the outcome after the intervention) constitutes an abrupt intervention effect. A change in trend is defined by an increase or decrease in the slope of the segment after the intervention as compared with the segment preceding the intervention [44, 45] . Studies with a concurrent nonequivalent control group provide stronger evidence about effectiveness of an intervention than studies without a control group [46] . The reference condition (as control group) was used in the model specifications to proxy for unobserved timevarying hospital-level interest and effort in improving outcomes and length of stay in order to isolate the effect of bundled payments based on related quasi-experimental designs [52, 53] . The models included three interactions terms between medical condition and level change after bundled payments implementation, trend change after bundled payments implementation, and baseline trend so that we could examine the temporal dynamics in outcomes and length of stay for hip fracture relative to the reference condition [47, 48, 54, 55] . The models also controlled for all covariates mentioned above.
Using segmented GEE logit models, we examined the differences in changes of levels and trends of 30-day readmission and mortality after the implementation compared with the monthly trend before the implementation for hip fracture relative to the reference condition; for the length of stay, we adopted a segmented GEE linear model instead. Hospital length of stay was log-transformed for analysis. We also calculated the area under the receiver operating characteristic (ROC) curve (AUC) to assess risk-adjustment model performance [22, 36, 56, 57] . Regarding outcome measures affected by bundled payments, to examine whether there was a differential effect of bundled payments in different subgroups, we conducted subgroup analyses stratified on patient complexity or severity and hospital type using the same segmented GEE analysis, with the stratification variable dropped. The SAS statistical software (version 9.2) was used for the analysis. A two-tailed significance level of 0.05 was used to determine statistical significance.
Results
The characteristics of the patient populations with hip fracture and the reference condition before and after the introduction of bundled payments are shown in Table 1 . For hip fracture and the reference condition, there were significant differences in patient characteristics before and after the introduction of bundled payments. Compared with the reference condition, hip fracture patients were older and have more comorbidities after the introduction of bundled payments. Table 2 presents the results of the segmented GEE analyses examining the effect of bundled payments on outcomes and length of stay for hip fracture. After adjusting for covariates, the implementation of bundled payments was not associated with a change in 30-day postdischarge mortality, but associated with a decreasing trend in 30-day unplanned readmission and a lower level in length of stay. After the implementation of bundled payments, patients with hip fracture had 0.6% lower relative odds of 30-day readmission per month compared with the monthly trend before the implementation relative to those with the reference condition (95% confidence interval [CI] = 0.988-0.999), and stayed 0.923 relative times shorter than before the implementation relative to those with the reference condition (95% CI = 0.899−0.948). The AUCs were 0.654 and 0.802 for 30-day readmission and mortality, respectively. Our stratified analyses (Table 3) indicate that there were significant relative decreasing trends in 30-day unplanned readmission in patients without comorbidities, teaching hospitals and regional hospitals.
Discussion
This study was the first research using nationwide longitudinal population-based data and quasi-experimental study designs to evaluate the effect of bundled payments on hip fracture outcomes and efficiency. A simple before and after analysis would have produced spurious effects of bundled payments owing to lack of control for secular trends and other covariates. The 30-day unplanned readmission showed a decreasing trend and length of stay dropped and thereafter leveled off after the implementation of bundled payments for hip fracture relative to the reference condition.
The finding of the impact of bundled payments on reduced 30-day unplanned readmission for hip fracture is consistent with Jubelt et al. [15, 58] regarding 30-day or 90-day readmission and Navathe et al. [16] regarding 30-day unplanned readmission for LEJR. The finding of the impact of bundled payments on decreased length of stay is similar to previous studies regarding LEJR [15, 16, 58, 59] . One possible reason is that the implementation of bundled payments encourages hospitals and physicians to work together to coordinate their care most efficiently, which has the potential to improve outcomes [7] . Because a single, prospectively determined fixed bundled payment to the hospital includes all of the care in a particular illness during the inpatient stay by the hospital, physicians and other practitioners. The physician salaries are paid from the bundled payment. A gainsharing scheme (provider incentive program) in response to bundled payments allows physicians and hospitals to share remuneration for implementing and coordinating improvements in efficiency and quality [13, 14, 16, 58, 59 ]. Taiwan's hospital system is a closed-staff system (only physicians employed by hospitals can treat patients admitted to their hospitals), and physicians' clinical decisions largely determine the revenue of their hospitals. Physician salaries which are paid by their hospitals include fixed and variable components to encourage physicians to strive for higher levels of performance. Therefore, hospitals and physicians are financially incentivized to take better care of hip fracture patients under the bundled payment plan [60] . It may be that physicians work together better because they have a financial interest.
In addition, the implementation of bundled payments encourages hospitals and physicians to adopt clinical pathways, which in turn leads to lower readmission rates [13, 14, 58] . In Taiwan, most hospitals adopt clinical pathways in response to bundled payments [60, 61] . Clinical pathways promote standardization of care through structured recommendations for the assessment and management of patients with specific conditions [62] . The adoption of clinical pathways for hip fracture would be associated with reductions in the rates of preventable complications of hospitalization [63, 64] , and such improvements in the quality of care, in turn, would be associated with lower readmission rates for hip fracture.
Further, the impact of bundled payments on 30-day unplanned readmission existed in patients without comorbidities, teaching hospitals and regional hospitals. These imply the implementation of bundled payments facilitates providers to provide effective care targeting patients without comorbidities, and facilitates providers with average performance to improve their care to reduce readmission. Regarding risk-adjustment model performance, the AUC for 30-day readmission rate was 0.654 similar to those of previous studies (0.63 and 0.65) [22, 56] , and the AUC for 30-day mortality was 0.802 superior to those of previous studies (0.71 and 0.72) [36, 57] .
There are limitations of our study that deserve comment. First, owing to lack of information on processes of care, we could not identify the mechanisms through which bundled payments influence hip fracture outcomes. Second, the results were from Taiwan and there may be particular aspects of Taiwan's healthcare system that cannot be extrapolated to other healthcare systems. Further, the study reflects one medical condition. More information is needed before generalizing these results to other healthcare systems or medical conditions.
Our national longitudinal population-based study and quasiexperimental design showed a decreasing trend in 30-day unplanned readmission and a lower level of length of stay for hip fracture after the implementation of bundled payments. As healthcare payers have gradually advocated implementing bundled payments to encourage coordination across providers and to promote more efficient care, our analysis provides a first look into the impact of bundled payments on outcomes for hip fracture patients. A declining trend in 30-day readmission coupled with reduced length of stay may indicate improved outcomes and efficiency after the introduction of bundled payments for hip fracture. 
